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(54) METHOD AND DEVICE FOR COLLATING OBJECT AND RECORDING MEDIUM RECORDING ITS PROGRAM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform the recognition of an object to be 
collated, the collation to specify the object and the retrieval of a similar 
object, etc., at high speed by correcting a position posture and illumination 
change at high speed. 

SOLUTION: A register part 100 measures the three-dimensional shape of 
an object to be collated and a reflectance on the front surface of the 
object by a registered object measuring means 1 10. An illumination change 
texture group generating means 120 and a texture space generating means 
130 generate a texture space which includes texture change dependent on 
an illumination condition and a storage means 140 stores it. A collating part 
200 photographs an input picture by a photographing means 210, estimates 
the position posture of the object in the input picture through the use of 
the three-dimensional shape and the reflectance by a position posture 
estimating means 220, generates an illumination change space when the 
object is at a position and a posture, which are the same as those of the 
input picture, through the use of the three-dimensional shape and the 
texture space by a illumination correcting means 230, calculates the 
evaluation value of a distance between the illumination change space and a 
comparison picture by a distance calculating means 240 and judges 
collation based on the evaluation value by a collation judging means 250. 
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[«n#R] sftffi iooa, BftiMtaje^R 1 1 o 

cD£#^£iij^u JS«*ft^X^**Mfert^Rl 2 

o^fj^^taHtsfai 3 otcjco^^x^ 
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»9*-^tOIH^tfT5IH^iiafcft*01*#JIB**J* 
fcfcHT* ItBSflfcil&ftf. »»«#<D3*5c«tt. *5 

£A^**5raftE«-r*xg-e*o, miBRH^iAa^. 
nmwfc<D 2 &7tm&& xtimmt Lxt&m-r sxa 

tc*5^T, itresMbiia«^ 3 #7E*tt#.fc 

tx««:*B<z>Kw*t«ffi"r-s»ak«»aij6iai, m 

XftSHMlgd:, lWE3*7C»«4JJ:«WEr-^ 

2 *7cH{ft£A*H«£: l/T»»tS 
JMfxat. WEA»ll«k:*3»-5»««rt*c!)ffill«|S 
ft*£T*tt«aMMtjexgi:, »E«*atifcttBiB 

oT3I€>n*li«^MTftS^^ft36m*WE3^7C 

»«*«ttxmET-^^^irSSM*fflir^T*riii-*Bawae 

MffiM£rtxa&. WEA*a«il»EflB«*»ffiBI4: 
©EKiftfUI-rsiEHIfUlLxat* MfiBIBlcaW^T 

t»*ft#o*iR&£(offla*fT5w^wjtxat^6» 
jsan*££ftw*tr 

'[«*#« 3] IteiMfHICIi^ Sfitt#^3% 
7C»«*«3fe"r*3*7C»««ftxat, ^BSfcflUft 



[w#«4] mEflaw«»fflM**xa*^^ftfco 

fc, WE3^7C»tt*5«fc^WE«l3eStlfeffiHi8»*ffl 
^TA^llfftSrx^A^^tcSSlTSA^^^A^^* 

j*xa***o. mEEMttffxa^. wea*? 1 **? 

* tWEx^ A?^afHt©E«Srttff-r-5XaT?** 
C t t T<5»#31 2 *fc»4W*g| 3 El^tfflH 

CW*K5] »E^*y*fflM£j*xa**, (WEx* 

IT^D, MEE«X8*«, WE3*7C»tt*cfctfiWE 
Sj£5^A^*WftEtt"rsxaT*!K SJEHB^SElft 
$^^18^ 89E3^7C««, WESlicT^A^* 
W, *J:^WE««Snfcfi«jSI9'4:ffl^THaWSC»ffi 
B0)»JSt^h;U»t*»-BXaT*0, WElElBff» 
Ig^ fltTESJS^^ h;i/»izBtfEA*H«torp1©ffl 
H3ft*i£, K«H*5EtSJiE^i7 h;U*^smEAAIil 

2 *fctoM»*« 3 E*<OftfMB## 

So 

IgtfeO, MEE«xa*«. fflfE3*5c?^«*3J:^ffir 

30 Eajs^^^^^iP^EtsrsxaifftD* s9Esg«» 

»IS^, 89ESJ£^A^*»<fcffl£A#x*X? 1 -*' 
£<&ra<Z)*BH ft KffiM^TEtcKlcT^A^wa* 
^mrEA^^^X^^tcS^ffi^it^^^X^ 1 ^^^ 

ftS§g§<h Itffl^nigtfeS £ t*«r*i:-r*Hf* 
a4Ett4>ttft!!H«£&. 

[■1*517] WES»iaaiC*5l^T«*©a»ttft:C!)3 
*^»ttft«56TSft*>9K, 1^U>R(D3*S 

40 £ ft ffi*U JH£j**£ftS£T<& 

±T©*#fcOlfiTR»*©W-H*fcttl ostein UliR 

ItOIi^O 3 *tc»« t L/TWE¥^»«fc^t ft 
ffi H 4 Z i ft#m£f «R«a 2 ft l> LMsMt 6 Eft® 

C»#3I8] mE3*7C*tt<7)iBI«ftfTtor, M£HB 
•**6 3#7C»tt*A*LTi5< ^tft»«t"TSW* 
A 2 ftn LBMSS 6 E4R®«!ltt!!fI£2r& 
so . [fB*JS9] mEE»*©M5eftfTto?\ BUiiBliH*** 



(3) 
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m 2 LIS*® 8 BB«©tt#RB**j*. 
2 Lfit#JS 9 E«K04fe<*!S£5&. 

[If 1 3 ] &mWW<D 3 ^7C»«, *Jj:^*-*«tHH 
5" ? 7. f P T- 51 £ n -5 H {$! £ WT * -5 x 9 X J- \ Q ffl 

S&TtH* tefl893£#©T-C©H{*P (c J; -3 T3S 6 n-SBi 
«^PflT»5fiS^giSraS:gtHB3*7C^«*5«fcZ/BtlS2 

t- ^ ^ ? +• £ fflfr* £ js b , i£ m w ^m^ffl t nam a f] 
mm. 

<h, #*&#©A*H{*K#LTli&Ea&x-:*<h©!!B 

&&f75m-&m&mz.z>®#M-er%im\zts^T, ties 

®S8*<, SS#lft:©3J*C7C^tt*3 < tD:ft#:^ffi©KW^ 
* iBI^r 4 a»«S#«^#a 4: , WE 3 ^5c»«* «fc « 

«■& b©jsp s-^ets m * m? t- * x 5 1 -v * =1 > tr ^ - ^ 
#±&¥8tk, mE?^7,?*mxm^ti^>mm^mx 

Hj*^©TT©Bft^(c j; o xm *> nz>wm i £?$x&% 

M9!Ktt$m« WE 3 & jcBM**5 J: tflWEx* ^ftS 

at, mEE*»catJt>r»*«#*<a»tt(*:T»**» 

<h*-5fr©iiS!£, a§S%#©?^©<h*©%#T<iD-5A>©& 
Sis, afiitt^W^^OflaT^S^O^fiifOjaSS: 

ffaBB^«s#a<t*ffli*.*c4:?6«p«fr*«#Ba^ 

SB. 

[11*11 1 5 ] ffircaflfcftttM£¥gw. as^f*© 3 50 



E«nebfcT-^^+»*fttoo»cfflv»act*««i 

<^Tl!1jEA^iffi{gi£A^T^XxrfC'£&1-£A#x^ 

WiX&Z, Z b. *<&m£T2>ffi#m 1 4*fc«»J|i311 5 
EttOttttJffid&B. 

[H*ai7] itEfjxftaiutfSfa*'. met 
j^fts tc£js##tiT& c i tc 

&QMW3imz!&vxT!7 7s?* ±izmtix^z>mm& 

T?7,?*m&*tbZ>£tX7-Z7s7->rQffl ! £:tk5!t-fZ> 
¥ST$0, WEEtt#S*i, WE3*7c}g«*JJ:tXS(r 
ElStr £ X x f 9 SrEIS-T <& 0 . jMEfiSW^ 
9flE3#7cBm, fiflfSSJSx^X^ 

ts, *j;«iitrEit5tsnfcffiBsSi&*fflv»TBHMaei» 

£M©»tc"<^ h^SSrSfeifaTftO. WEEfffift 
n^Wfi. WESis"^ h;U»t«ClEA^ia«i:©W© 
*@H3£#i6, ^tSKI«-7ctc:S)£^i7 h;U»*>e.WEA* 
H«Kl£t>ifi<,>JttSEHf*££Ji£U KJt«Hf*<tS9EA 

&&Witi?2>m>&m 1 4 S/c(iW5t<iR 1 5E«©4&#S8 

H©*gB#£ffi5J;3fc£R!j©KJg^ : 57 h;PTS.-5SJS 
x? •& £ <ht?xi7 X3^£P B l££grr-5 

fSTftt). WEEtS*®:**, iiflE3 , *7clM**5«fcZ*ffJ 

ff^isa*, mzm&T>7 7,?>rmt.Mmxt]j-z>7.3-\ 

<fc©K©*Bll8£3fc«>. K+IBIStc^WESJIsx^XxV 
S^^WEA^x^X^r^gfcjfiVitfctSx^Xxr £ 
£/*L, ^JtKx^Xx^tSaEA^xi'XxA'.fcOS 

II*]® 1 6 EttOttftRB-^ttR. 
[|»*3H1 9] WE«»fiBK:*Jl»T**©a»tt#©3 

*© 3 &7C^tt£M£T -Sfc'ttT, K 1 o&Hl,'MO 
3^7t^«©¥^)^«^ttl*t. a»«#t«t*±r© 

±T©tt#t-3i»TS»sp©n-»i*fc»4 1 ^>m» 

©S8^fr©TT©jafgW^©tSf^&fT'3t)©T*0, 
^©jaSJC*5ViT«3^7C^tt<i:bTflt(E¥±5^ttfe* 
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[Mfgtg 2 0 ] EES»4ftl#ffl£¥R*f & < . 3 XtzM 

&-r«n«9H4ft^bHr«gii 9 EwoimMH&tt 

B. 

[M«qi2 i] mEB»tt#wj£#sa*fc<. e»*o 

iT*il#Bl 4a*»L»#«2 0ESt©««a^g 
H. 

cw*^2 2] ffiiaaeffiic. ss!Kn*©!t#&wftgMi 

A*C£»«£T*W#*4&t>LMf*B2 1£E©<R 
[B#«2 3] EEE&»*.fcfc*4M*:£. 

«ct*»*it«llWWi 4&v»l/lt#a2 2f£,m<n 
r«dt*W«fcr«il*Bl 4fcl»U»#ai2 2 BBS 

StTlB 3 ^TCffiJttiS.fctf itFffiKSt^Srffl UTtR* ftE9i& 
Xft$:3 >tfa.-^i7'^7-C •y^7©&«ft<!££ffll^ 

3i e> m> aft £p B i -e * s t- ^ * 5=- r ?sra & fesrr s t- ^ 

X3^£fH]£fifc#a, &e>mrit8K3:&5cJg#t3«fctfit3 30 
Et- 7. T •*■ a*M*E« LTfc< Et6*R £ b T«E $ 
-&•£> fc«6 © 7 n 5 A £EH L fcESSStt. 

[I*?J<ri2 6] 3>Ha-^$, tfx:*2i;*7ft<!f©j8 
BSB&ffl ^Ttt&W*© 2 X.Kffim&AtlW&t UT 

m^-n>xtimmm^m, miRxtimmzisn^nsk 

$n/cfeE^^i:|Bl UteBg^Tlt* >ScHB9i*fl=©TT 
Zmmtyl#(D 3 &7tMtt& Ztfrt? 7 J- v UT 

weeem* ©e«*b»t* ft e. tc 

WEffiSt»C»-^^TW^#l#:* i a^#)^T&S^<!i'5^ 
©?ttS, SE^©^©^^-?****©^, S 
Eft#©3 5©^T^£#lft©&^ft£©ffla£fT'5E 

#R. EH&#&£B£R£lsTS£Ett©H«E&tt 
#lxEE3&^tt£ffl^T7 L £:*^v&B5&££sfcL so 



Rr-d'^ + EaWKEEHEE *E«T3 Z tl:± 0 
x^X^+EtUTtHATST^X^ + EE^a. WE 

*£R-r«T-d>x?*EM£R^R. te£>mzM%Z3'A 
TEEtt* <fc Zf-mfcT-f A J- f &ffl £EE L T*3 < EB# 
»£bT«teS**fc»©:fnif5ASE*l/fcE»« 

RSB&ffllr>T*t*E#© 2 &5cHi<£!£ A#HR<fc LT 
E#©ffiB»»&«*T4EBi6E«E*&. RKEB 

§s»«6je^a©is**faffl bTRKAaBB©*H** 
ftawi we A*? * x ? +• t <Dmm £ h-st -see 

*#T?***»d£5a»OilB. EBtttt© 3 %©£©*#: 
Tfe-s^©^, SE&#©5-5©{HTt^2>Wt:©RE 
ft if ©MS Srfr 5 R£*J j£#R t U "CUES 1*4 £ © © 
7 □ * 5 A « EE b fcEBBtt. 
[»#S2 9] n>tfaL-^^. 3jfc7c»*«W£RB* 

a, «R©E#©3&7cEtt£B/fcS—»;£-ti:*«fc'3K: 
¥frE»U &&Mi::BR&EB£a3feHM-?R£ 

u *n-?n©«B±-e , ¥i9B ! rcsEE-r-5 3 F*9»tt£ 
EK^a, mE^A^ETSBsnsHfftffira-Tffc-sx 
^^^^Ems^-r^^^^^+EmsjsK^a. ft£ 

KRE^Ett* «fc tfSSEf * xy + SPI SEt L T 
LfcEE«*#., 

[91*13 0] n>fcTi-^&. SE««:©3^7C^tt 

*j«fctx#i^m©Ki*^sriBi]^-r-5aE^S!i^^a, 

RR;SW>ER*RWU *©3&7cRBS«M&aittBi: 
UTdd^T^E^feBrttH^R, ME3&7cJEMfrte«fc 
REK&MfcSrffl UTR* ft H89i&f*©TT©#H*RR 

* y ^ 7 ^ 7>©&ffi&i: Srffl ^T^BJcTS^^X^ 

■v p^fig^a, miy-f t. ? v p T-3S 6 tisnssrar 
$> s ^ 7 ? v sra ?r ^fife-r 5 ^ t,^ \ &m£.f&¥ 

a, ft6tfCitE3*5»«, WEf*X?YSM. *s 
<fc EE»«-*ffiE*EE UT* < EB#a i Ltll 

[S*93 1] =]>tf^-^*« tfx^*^7ft<h*©ffi 
««B*ffl t»T»E«fls© 2 ^TcBBft A*H« t UT 

Wi&-rzA*>mmffi& ; £®>, EEA*a«*»»bfct 

*©«JI?*fl=-C»*»E«#©ttBi6»^»«EB©/'« 
7^^^i£aE!fel»©3^7C^«, fj^ftaw, *3 
J:tf*«^ffiBS:ffl^Tift)6-r-SltB»»«6*^a. ft 
E*fi3*lfc4iBi5»i:Wi;ffiBj5E'r«'«rftEM*fl t 



(5) 



002-1575 



m>T£rtT*BBH«»ffim£**R, WEA*H«i 

T-*X^*fMfe«#R, t&Ex^A^STSB^ftSli 

■V £ M £ IBtt b T;fc < Eflft^R £ L TUSftg $ ■& £ Tz& <D 

mmcommtji^m] 

[0 0 0 1 ] 20 

HH^ftfr 3 MffHH^ttB. *5<t^coy 

□ ^AftEftLfcEftttEffKMU »fcRB^#*£:fc 

Sn*«rt*fta»*M*«!:l*tf, IS^il^^Mti 

sn**<t*»*«flctif^. 30 

[0 0 0 2] 

*h* (») ftfijffli/T«««ffttBa*-r*ts*-c* 

<a»a8£. »*«M*(Z>Artli« (») izmm&t! 
[0 0 0 3] • 1 

2^7cH«Sra»UT*3*. A^<tLT2^7ciSfS$:ffl 
V»««*flB^fifelBa)-«tLT, £i$2 («rfrSS2 8 

7 2 7 7 6f rMHHMdttBj ) t^^nsSW* 
£0 ccoBEflSte, HHd»fti&*«#tl/TAIBoa« 
f^ttfcD, g|2 2(D£oUffi&&£:nT^Z>o &m so 



8 

Rl2ICBttbT*<. RH^PStt, ^^7l3T'2*5c 
©«B«*A*H«4:bT«Jb, iEJBft^Rl 4Kck 
oT, S9EA*Hfft*^a^ft©ffiBft<h*<D3S*^* 

1 2^6R*Uana*«H«4:MEiE«ftlilflfcift/ , « 
[0 0 0 4] • tE#ts « 2 

T, £flft 3 9 -2 5 9 2 7 1 rAftRB^ 

g@j ) ts^nsss^ss. cia)ts«-ett, 023 

««-»j^R2 1 \z&K>&mmfo<D 3&KMm&£zfx 5 
-mm&mT-*tii,Tm7£.i,. e*^R2 2ke«l 

T4o< e H^^^fCfe, 3^7C»tt*^-1»««-«*R2 

3 K J; 0 tt^fttecD 3 5fc5c»«*«fctX* ^-1ff$B^ A^} 
T-^tLTiSU, ¥ff»» ■ EME*R2 4»C«tDW 
IBAAt-^ ta^MEM^-* <h-SrT * J: 3 fc¥ 

[0 0 0 5] • 3 
Xm 4 (ttH? 6- 1 6 8 3 1 7 rg AMMMtt 

Bj ) Ktt, a»l**J:tXBH^»i'bK:2*7clil«e» 
afT*BB-&SEflf*«M**tlTl^. iOStBli, 02 4 
a»B#tcn, ^^^3 1tCJ:0a 
fi*#C0 2^C7cia«S:«»L, #«»Hi*R3 2£43V> 

*U E*¥R3 3JCE«-T*. IH^WHctt, Jj*?3 

4 tCcfc 0 *t««H*<B 2 &7tmm& A*B« £ LTHJg 
U KK»UfS3 5*c*iiTiWflEft«ia)**tt|ii*tt: 

TWEa»SnTVi*»«jSt6[«iWEA*15«<7)»« 

mgmmwut^m 3 6 fc*^T«v«ft«#:<B 3 &tvm 

^x^tfijffl LTteB§s»*iE£fl:-f 
[0006] -fie*a«4 

t>«iijE-r*fc»fc:, a»aa*5«kcXflH^isa5R^Ta« 

0 2*5cliHftA:*t*ffllr^S*l5tbT, M5 ( Tvisu 

al Learning and Recognition of 3-D Objects from A 
ppearancej , Hiroshi Murase and Shree K. Nayer. In 
t. J. Computer Vision, vol.14, pp. 5-24 , 1995) tffo 



(6) 



»BH2 0 0 2 - 1 5 7 5 9 5 



9 

J: 0 ate 2 #:tcBBB « J; 5 ftgjg^ 

8f©»a^W(C*tt^ttBff*#«flctLT*«), e«* 
154 3tC|S1tLT^<o BB^Wrtw«, **7 4 4\Z£0 

1^4 5 k:43liTW!BA*iB«ili1HE*«#:tco»« 10 

[0 0 0 7] • ft*t£«5 
«#OffiBsS»^H«T**«^<0»W*fr^J:* 2^ 
7CH*<0&{bfc:Ov>Tte, 3tS£6 ( rwhat Is the Set 
of Images of an Object Under All Possible Illumina 
tion Condi t ions? J , Peter N. Belhumeur and David 
J. Kriegman, Int. J. Computer Vision, vol.28, pp.24 
5-260,1998) tCfc^TI¥L<#WStlTV>£. ttftcGMa 20 

t*£ 0 Lft#oT, ttf©*©3l6*DTT©Mtt» * 

[0 0 0 8] m8B©»«JC*^€r. II 
luaiination Subspace Method (J^T> 1 

LT^5. »»?a5 1 K&^T, T£**ftj*k:ft* 

»««:<0 25fc7cH«»*»«-r*. ffl»»J|t^S5 2K 

*j^t, K2*sia«»*^^rit»»w^cfcr)iaflfca)* 

5 i^^^ h;i/i¥(Df£Sc^2fi(7)^^ r*;l/CD 

enie rayi»tfn*IH«B*£j8 U E*¥a5 4l:E 
HT£o flS^P#JCtt, *^7 5 5l:ioT»**|#(D2 
*7ci®«S:A*llffti:UT»»-r*. ttftaffiOKI*** 

*<OflSM*fl=OTTOiSfftttHCf85extreme ray#<0«fe 

&ftl>£lO*ff©TT©B/hz: SRiSftJflirr 

SRfHUfcfTl^ **ofc«ft»ftffllVifcextreBe rayS* 

[0 0 0 9 ] • 6 50 
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7 ( ri llumination Cones for Recognition Under 
Variable Lighting: FacesJ , A.S. Georghiades, Pro 
c. IEEE Int. Conf. CVPR, pp . 52-58 , 1998) Ttt. ^te 
1 H*3^Textreme rayfcfUW*BHC, JKSiiKftc!: 

[ooio] • 7 

WEXiR7-ett, Sampling Method (J^T* 
3fcLT#»> iUT, B2 7©cfc5ftffoS*£*2fft 
fe«3RbT^*. BtE^ffilCOck^JC^TOextrene ra 

*UT2 5*:7Cffl«»S:iH?b, K2%7cB{M¥&extrein 

[0 0 11] -ft*&»8 
£8K8 (#12 0 0 0- 1 0 5 3 9 9 rj®«HBd3£B. 

a*-rsH«am**a6TBBw*iiEa3aeff 5 c tic £ 

[0012] 

[*0!*<«ftLcfc3i-r*BB] L**Lft*«e, Hid** 
*£ft*«H*tt, WlCBffi*B«ft£*Uft^R?K A 
;* 9 ft if© BB«B5Vl-f X <D 3 #tc Wft¥fT» 
ft. BlE»»ft£fti¥3C£a«-«m?**. B 
»ft£Ttt*J^tBBWftfrt>SE»UTVKClt^6S6 

tt. Jl*Ut±, #ttK*#ft«Hrt«»*. 

t^5Hi^*oft. KT. **WJCftXttE*oS 

[0 0 13] X« 2 i:E«SftTU* J: 5a*«Cft 2 * 
7cBBra±T©»d««Ttt, J«d#*£ft*tt#<0 3 
%7cmftl9liKM^1iiBttKi«a)R8^^nk:<fc« 2 

*Jfl«B««W&TRjeaft*. 
[0 0 14] M3WIMiTii, B»HP3fW-Cft< 

ttXK 1 $ tiT H -5 cfc 5 ft 3 *5E»tt W-JBSiB*** 



(7) 
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[0 0 15] XK4ICSSnT^4J;iftW«»©* 
£ nT ^ 5 J: 5 * AH ©ttClilft] v> C £ *<» 6 

[0016] xtt5 0Dtt«-r»i> xa««<o 
P^^t bTm»©ftiK^ffi3Sfti!Sft 

&W £ ti -5 £ t> 3 WK*** ^ fc« 

[0 0 17] ^SlOfttR-Ctt. »«©1Mi3fc*fci;T 
extreme fflfrM* 

•^J^iStfcfcCDrtSmO&S^-a-. extreme ray©ftte 
S^-Cm (m-1) bit^cT, WttJ&ttA* 30 

Mft^ffcfCMbT^TWextreme ray£irff"£"S £ 
fHSC*©jSl-Clfl)IB*«»*. #ri*»tt«*CiTft<, 

[0 0 18] *S1 .^ffi2CDS««i:t)tw. trt*©& 

■($:©B(SS:^b, extreme ray £ "t at ^ b iftf 

*S2fflfifTB. extreme ray©ft t 

[0 0 19] #i£3©ft«-Ctt, HB£*t*i&*«l#K: 

[0 0 2 0] &£#&<hft3W*©&S"S > i££rt i 
B$&tt®TT(OBtfe e l^iS £ teit nwttt 
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^gftV>fc£:©(iaiffia<<&-5. 
[0 0 2 1] XiS»;8©ti»T-li, 7JjH«C*itt«*t* 

[0 0 2 2] *«f!B. ±EW«^fc«*-** J Mfc*>® 
T* 0 . Rfe Cfl ^5 £ 3 JtocHMK*** 

g £-&-f &#©# * 2 &7cB«tK«fc "3 

[0 0 2 3] *fc. #3891«. A^BflfetCfctt****^ 
[0 0 2 4] 

fete. 1 B«<D5BW"Ctt. 

mm tc^bTmifBS^T 1 - * t © w^*fT ^ iffl^as t 

BroftttBoWa^fil****^***"**^ 3 * 6 *' 1 
©fiBgl*Ttl^ ^H?,Hj^#©TT-©Bff PI" «fc ■=> 

[0 0 2 5] «*«2Eto»wett. a»*#<o»» 
50 S»«#0 3*5c»**J:tf«#aWOR»**W*'*' 
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§Sg»M!£lg(i:, WIS 3 *7C«tt*cfctfJfflEE» 

fit, fltri37 L ^x?r*Tae>nsii«ffim-'e*s5 t i7 

3 &7tmWi& cfc WEt- £ x * £|ffl * fStS L < E 
tt£<Z)*MkSB&ffi 1>T»*«M*<D 2 *7£Hi{££ A^@ 

WE«**nfcffiBie»trai;tt«isijTiii*a:fla 

W*ft©TT©H«»»cJ:-DT5l6n*Hlflfca!IBT*-5 
flS«ai6ffiWS:WE3^7C»«43<t^E5 : -^X^ 1 ^ffi 
IBftfflliT*ril'r*BHW*»ffi|IB*«xad:, MEA^ 

■«i&mEffinxHrffim&oE«ftthffr«ENittiitx 

fr3fla#W)feXSt*^«J«*n*ilt*«r«t-r'5. 20 
[0 0 2 6] W*a3Et®5e^H i**S2E«cG>«l 

#©3«S»ttft|||J6-r*3 2fc7C»««ftxafc, £ib 

<♦ mEJUUUfcT-^X^-vSftfttoDKiffl^sci* 

[0 0 2 7] W*^4E«0*Wfi, »*H2£fcteM 
#*3E*S©WMH##ttK:43^T, mEJKI91£tt£IH] 30 
t«li*«&^tot)»:, •8E3*7c»«*«fctf*tElt 

tSA*r^X^t^Ig^!3, MEEIKn-ffxa 
WEAA^^X^^ifcflffE^^X^^^M^coElBt 

tfUf-rsxa-caactswat-r*. 

[0 0 2 8] W3R3S5E«SO»W«. lt*JB2*fc«|» 

msmxa**. »E^^^?+»t:±j*»»«a£c!)* 

**+ffiM**J*T*xa-C*D, WEE«xa*^ w 

e 3 ^tcjemk* j: ^wesisx ^ a ^ » tEirr * x 
a-e*o, ttemnxMsm^axa^ we3*tc» 

ttEArta«fc©iBi©*iHft#» % mmmzTtizmm^ 
i? h;w^6mEA*a«fcat)jEi>itij[Bi«t*flt 
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[0 0 2 9] B*S6Et©»«tt, W*314E«0!» 
ME^*X?ir*»w^»»«ftifOt(lS»Wl)Wtllir 

t«niai?*o, mtEEttxa^ we3*tc»« 

*J:tfttE»*?^^^irl«rE«-raxaT*D. St 
EfEIBW-Jrxa**, ffifESE^^A^^StffirEA^r- 

^YS^^BJEAA^^A^^tCg^ifi^JtKT-^A^- 
■r££i&U KJfctt^^^tMEArtx^A^t 

[0 0 3 0] «*«7Ei(0»«lt »*B2ttV*U 
ffl#gi 6 EHoSBWciJ^T, ffiESSiaak:&t>Ttt 
3 ^TcWttftjBJft-rsfttoOt, 

^»©3^7C»«OTiQt36:a¥^»««:HJAL, 

ET^wtt^t^fflViscttwat-r*. 

[0 0 3 1 ] RM8Et(OKnil »*»2&HU» 
#*6E«®3WIfc*5^T, WE3*7C»«©««*fT 
t>r, 9J»HB«*»6 3^5c»tt*A*bT45< Ct* 

[0 0 3 2] MI*S9Ei©»^tt, ffl»3fcB2&^L» 
*^8E«c<7)*^tC*3V>T, ffirESIt^OSI^&fTt) 

[0 0 3 3] OE«R(B58§HfcJU ff*S2&^L 

M*3K9E*<oa59BJc45ViT, SJESSx— ^JcSS* 

[0 0 3 4] HMUEK®X«lt BI*S2ft^L 
i*«l0E«o»«i:*^T, fflERte»*4:fc:*tt 

[0 0 3 5]H*Sl2EttO»Wl Wf3RlB2ft^L 
OE«<7)»SW*ci3l»T, fflEHH*#JfcfcftS«j 

[0 0 3 6] M*g| 1 3 E«©»Mtt, g@*4*#:cD 3 Jfc 

B©i»**fifliat«T?^x^^*rB6ft*a»ffl 
pflTa^^^A^-vsw&Eifi-rsassBt, ttm^w 

c0 2*5cB««:A*llf»i:lxTja»L^ flUEA*H(StC 
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[0 0 3 7 ] 4E«<&9B"3Hte, a»«i#a>a» 

fc, (WE3*7C»«*J:t;WEK»*ftffll>T«^ftBH 

^ -em 6 n * m ft ^p B i t * * x * * 5" * *sm£ 

5r^XftS^*fg<!:, H9E3*7C»«*3«fcC/ffir 
E7=-i7^^^^WS:E«LT*5<E»^ai:&«A. ft 

fe^o 2 XTtmi&zAtjmmt Lxm&-?z>xtimmm 

T3Be>nSH«fcfflHBT»SflH««llifflllB«:WE3*7C» 
tt*«fctf(tE7-^X?-rffl|in&fflv»T*j«T-5Ba**» 
ffiM*J5K*»i:, ttEAAHfe&ttEHHHftftffiM&O 

ERi«rn-ff-r«iENin-ff^a^. mEE«tc*:?^T» 

[0 0 3 8 ] W^ig i 5 EtO)«W«, 1 4 Em 

©tt«H£««fc*^T. MEa»*M*fiJ*^aa** a 

*»K#a ft, Kf^^ftSl^iS 

WEllJKUfcT-^X^^S&ftteOfcfflli-BC 

[0 0 3 9 ] W*^ 1 6 E«C0«W«, W** 1 4 £fc 
tt»*Jl 5E«0»ffflH#*H»C*lf*T, MEflH^a 

[0 0 4 0] IB*3g l 7 E«<OJf60Jtt. BMSfll 1 4 |=£ 
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Tf^Xft^1^M«fgt^i9, UEEift^a 
WE35fc5c»tt*J:CXWE*aET-i7X^r»&E* 
-rs^STfeD, WEfl8W«»ffilB*fi8#a*«, TOE 3 

*7cftm, ffiESjs-r ^^stEm^n 
»*we*o, mEigiin-ff^a^ fltEg&^h 

10 ;HftfflEA*lHfci:©IBO«H**«6* RffilWSrTcfc: 

h^»^6mEA*ia«tc«t>ia^it«H«* 
sjajtu Kitmamtwiftxxmmtnmwm&mmt 
LTHi*-r*^aT**c:t*»*fr-5. 

[0 0 4 1] if^ri 1 8 EftOJRHIi. 1 6 EK 

rt*> WEx^^^^Wt±rt»»tff&^<ott»W*Wft 

mt c t iz& o mwtktt izfo ctt * x 7* ±tc^nx 

20 S4at5¥Rt?*0, ItEEttfSW. WE3^tc^ 
tt&ck tfifuESig^- ^XftP^ EttT 3 fST » 0 , 
WEEKBIHI^a**. ffflESJK^*X^*»£MEA^ 
5^*^<h<^<7)fflfl5£*^ KfiM«7G£ffiESJ£ 
7 t ^^^^W^^fl9EA*5 = -^^^ 1 ^JC«'bitt^iJtR5r 
^X^fcfeSU mkM&27s^*hmiXtiT>?7, 

[0 0 4 2] 9Ett<056W«, ffll*«14fcl> 

L«f*3ll 8E«OttffB«^*jBfc45^T. flllESSffl 
30 k:*VJT«*o»»*#(0 3*7c»«*ll*"r*«*)0 
\z, i^iiU^»oas»#o3*7c»tt*»j€-rs 

*u asttfr^^s^T^iftfr^^^H-sjtirr, s 

OWSJ*fc« 1 L*R(0«BW*fr©TTOli[flW(f 

So 

[0 0 4 3] H*a2 0E«©«Mlt m*H14fc^ 
40 LMMl 9E«co«#fla#SO^*5^T, MBaftttl 
<Mift¥R3&«a<, 3*7C»«©*ft*fTto3?i:^«t>0 
aa«#A**a*«^T9J»HS9d^3^7C» 

[0 0 4 4] W*«2 1E«©KWH »*S14&li 
L»*«2 0E«O«#HB**Hlz45^T, 8tEae«3 

a»«l*A**a*«t»TW»BIH»^6Klt*^ftill 

[0 0 4 5] »*S2 2EB0»Wt tt*^4ft^L 
so lE«©tt»«ftK»:l3^T, WEa»» 
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[o o 4 6] m*m2 3KMo9tm\t* B*ai4a^ 

LI»*IS2 2K«<B«#ra*«BK*^T, WEBB*** 
[0 0 4 7] M«fl2 4ei(D»nit ««5|14aVi 

[0 0 4 8] i»*H2 n>tf^-^ 
ft, 3 ^JcMfecttfttfrSlOgW** M 10 

^r, mmT?A7*m^znzmt&QmT-&z>Tt> 

jffi E 3 ^Tc^tt^ ck lilrE 5^A^*£[HftE«LT 

[0 0 4 9]M«fl2 6EI^«lt n>t!zL-^ 20 
ft, lf^**^7&i:©ii«ja«*fflV»T»*«ff<D2 

*E««-ff^R. ft6«JCMEEHIIc3l^iT»«»# 

o*sR»: ifo«ia *ff 3 as* *j*^r t. l xmm £ 

[0 0 5 0] B*fl2 7E8058Wl n>hf^— ^ 
ft, 3^7C^ttail*iSBS:fflt^TaSttft:a)3^:7E^tt 
SM*-r*3*7C»tt«^R f RB««ft«ltlRl:RS 

^^x^^jewssfertbttT-^xy^jewxictjEiB 

«» ftX»f £ 21 i (3 cfc D t- * X ^ * <h L T tb^"t 3 
T^X^IrJU^R, »Er^^ft»T5l6ft-&HI 40 
^PsITfc 3 7^ * x * £P*1 ft x 2 A =5- * SH4 
JS3M£. &6tftMfE3*7C»«45j;tftttET-^^9 L ir 
«SMtE*UT43<E«#RiLT««a-&*fc»©7 r 
□y7ASE8lfcEB«*T»5. 
[0 0 5 1 ]!B*S2 8E«^»98H a>tf^-^ 
ft, tf5 f **^5ftiIOll»«E«ftffllr»T»ft«!l#©2 

ttEA»B«t*tt*»*«#oflrnaSII*«*"r«ffi 
HsSFSMfet^R. ttEffiBS9Mt£^R0||:K*Hffl L 
TMfEASHB^ftHSBft-r^^^^JSa^aiftL^ 50 
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«#R. fiWttOf^^ftaiBtlltEXAf^Xf 
riOBlBtW-JIE-rftOtfUlc^R, fcettKMEEtt 

RtUT««S*«fc»©^ai/5A*E»l/fcE»l«t 

[0 0 5 2] M«a2 9E«OXnil =3>tfzL~^ 
ft, 3*5c»«««KB*ffl^Ta»tt*C!)3*7c^3K 

ftHftr«sflfctt«me#R. 3 ^tc»« 

y-*ffiM±J0E^R, &6tficWE 3 Pi%»tt43«t«iKrE7 L 
^X^t2WSE»LTl5<E«¥8iLT««*t« 
fc*0)^Di/7AS:EftbfcEBll#T*5. 

[0 0 5 3] »*S3 0E«O«Wl 3>tf3. — ^ 
ft, »**#<0 3*7cW«*«ttf«#«iB©SW*«:« 

3*5c««*W«j«fiBtbTm*r*«f«j*ffiBtttH 
^R, WE3^7C»«45J:tX«»ESI***:fflViT«*tt 
BBW*ftOTT©*#»BO«-ttBCJ))W«^e«*ft» 

SffiVJT^a-rST-^X^-vS^^R, ME^A^ 

Sf^xftSffliftfa, S6tfi:lllE3«7c»tt, 
Mfi^^^ffllB. *J:tfttE»«iftttBtE«UT 
43<E«^R^bT«ffi$-fr-5fc«)©yny^AS:E» 
LfcE»«#T»*. 

[0 0 5 4] B*a3 1E«©»«ll n>tfzL-^ 
ft, lf?**^^tt£<0»««fi*ffl^T»««*fl!)2 
^7cH«ftA*ia««h bT»«-T* A*iii«»j»^R, 
S9EA*H«ftt8«Ufet#OiB»*ftTfeS»*i»fle 
(0G«38#^tI{*l£B<7V1 ^ * *m&&&m»<D 3 #te 

-r*ttB*iMt3e*R. ME«5e$nfcfflcB«»trai; 

ttB*llT«^a:B8W*fl s OTT(Z)iBB»^J;oT«6 

n5i»smT*5sa«S!ft$msiaMo3*7c» 

± rjc^ £ x ^ * ffiRfl ft/8 n T ± j£f £ 88 HXttffiM 
ffe«^R, fltEA*W»4:mERHW*«iasMi:C!)EHIft 
«-*-T*BlBW-»*R. fc&tffcMEE«fc»-2t*T» 

5 ttttC0tt38& if OfflS ftfT 5 J»*«j£^R t U T«*l 

[0 0 5 5] IS*IS3 2E*0*Wi n>tfzL-^ 
ft, Hffi**^ 3^C7C»«43J:tfKlt*ftA*"r*»S 
ttftAAfg, MfE3^C7C»«J3J:«WEKW*ft«l^ 
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7vMW;& ± t«& e^* x gnu * t m L X £ < IB** 

[0 0 5 6] 

[»91©*K<&JBB] J^T, 10 
[0 0 5 7 ] (1) Kl<D&m<DJ»te 

m 6 nspufcam-c * * ^ x ^ * gm t &e«-t -s x 

*fr3BH*iia^ 2^7ci®{t^A^ili{t<i:LTil^1- 20 
RH£#*£&*#^#MEA*H«fci3tt3 

cfc ^ T« 6 tl* IHIfcffl * * BR * WE 3 

^TcJKtt^ck^flffE^^x^^SM^e^-rsxs 

WE»H*«»ffllBtWEA*iiilftt©Bg|||fc*^li 
[0 0 5 8] mi a>*«©»»^«*»W<D*#BH'&* 30 

ass saw (f^x^taw) »»«#a)3^7c»« 

ta*pJflBT?»D, Cftfc«fcDMEffiB«#fc»3#*tt 
#©«^ftBHW*fr©T"t?©lill»ft*jB8T*, B89HSIE 

[0059] ssic, w^i<Dmm<nmm\z%z>mn<Dfyi 

[0 0 6 0] S-T, S»ail:^^TRBT5. 

[0 0 6 1 ] l»*«Igl:^^T, ^@fefrc0 3 



20 

tt. «^ac*je*B^#tt*ift«v^j:t*fT*-6. 

LT, WLtf:fcltt9 (Win 1-1 2 3 6 
8 7^) E«K0 3*7C»*»l««B*ffl^ftCt**T# 

RB**R*«/BWC**. 
[0 0 6 2] ^tc, T-47*?*»£rtX8£fe^T, « 

ft) £R5£U K7^^fti«»Sffl^T«*SSW 

fx^^t?*. (»E^*^?v*«*oK**ttlctt 
«*tt*J**«HffiprilBT***«, ffiltbT, EI 3 

«#*IHJiO#jftPtB**+^tbTIWE*« 

ffi±^s«u s^^n^c^Qcosg, its (s f t) 

»^&»B^*®*5pJfflpJttT»-5. 

[0 0 6 3] Z2>\£3.-*if57 4 y^^OSSft^ 
ffl^*eit»c<k0, ttH**B±4><H&B0Ri$*l$lc<fc 

ITU WE3 5fc7c»«tfflViT3l£l«iSBlFa:«!f<oaa 
&fr 5d<hT\ IWEB*^K)EL/fcBHW*fl=a)T-C3tt*« 
££#T€f*. 

[0 0 6 4] B^3ScBw*frt«jeuiitET-^x?+a! 

IW*J«aaftff 3 C £ T-r- ^ 7; ^ -v » £ £0 
[0 0 6 5] #;fc, f^X^tSWMlitt^T, 

[0 0 6 6] MMBOSttVtttt^: LT«i«aB* 

tf, "rZXT-VCD&mm (s, t) ©fffiffil (s, 
t) tt, IfCMLTt/^«*i@(0^|«B (s, 

t) . ftia^rs] 

[0 0 6 7] 
[SI] 

/<M) = JJ(M)max(£(l,&.tf (*,*)), 0) 
t 

[0 0 6 8] dCT, max 0 ^SiS^Mffifntf. 
2(Dck^{C 1 OOflBW^ 

L 
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[0 0 6 9] 
[*2] 

I(a 9 t) = B(8 t t)N{8 9 t)-L 



[0 0 7 0] l»ot, »?B*»^J:t)*J**ft** 

(D^tc, "Tttto^ft* 3*7CtCfc**^ ftlfcfctt, ma 
x 0 £>$)^> «#©ftfiO8S»^ct0^iH^iSiE*tl 

[0 0 7 1 ] ^X^^P^SJ^^ MH£»*>&* 

tlO ( rOpenGLyn^^V^tf-Y Hj . Mason Woo, 30 
Jackie Neider, Tom Davis. 7*JV> ' ^xX W • A° 

sRft^is^aass^s^^'SJc-ra^i:^**. 

[0 0 7 2] K-kjfi^&.fcSfc:* Wt^^^3>tfn.- 

[0 0 7 3] KT. x*X^*£#<&3%Bl£Kffl^* 
/?<(* = 1,2,- ,JV) 

[0 0 7 4] 

[»3] 50 



[0 0 7 5] &\Z. VO&SWfBa i (hBW^ h)V 

Si 

{A} 

n^^SSt^i^^^Sui:^^^. Mil 

commit *©H*«©jiiaw#* 

[0 0 7 6] 
[ft 4] 

x 100 [%] 



EM ^ 



[0 0 7 7] ^KffiO^£^T:r^X 

Biftofc4»*a*a»i bTMft aawicftfi-rft - £ 

[0 0 7 8] E«XgJC*3^T, ffJf£3#7G^ 

[0079] w^aatc^v^TRwrs. 

[0 0 8 0] XAMWISW^T. If^**^^ 
ft<hLTjfi£f fto 

[oo8i] ffin^*itffixaT«, At}mm&Wi&i< 
^^-rftci^-c^fto 

[0 0 8 2] ^^TfT^^^CO-FlIiUT, S 

-*^7-f 7?XKl4!)4*tfcM (HT, CGI 

[0 0 8 3] e»tffi««»<Dli3e*fT5*tt©-«t 
U ftCGHflfct#* ! »*<OX*lBflftiIt(ftl-', S&fel 

[0 0 8 4] H«*JfclST*ft0l- «»©H« 
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,6 (WT. «*«jSt«*-K) ©&B£SS1&#©CGiH» 
# t, , fc t, ffi < fc * J: 3 tt C G 

[0 0 8 5] 

LT##fcl#©&fisS^*** 5: ^ £t> ** ) ° XiRl 1 
( TAnanalytic solution for the pose determination 10 
of human faces from a monocular imagej . Shinn-Yi 
ng Ho , Hui-Ling Huang, Pattern Recognition Letter 
s. Vol. 19. 1045-1054. 1998) fctt. W*#»ttt«1W* 

[0 0 8 6] *fc, 0B«Of!W©*5K._» 

0, -MtUt 2 ( TAn Efficient an 

d Accurate Camera Calibration Technique for 3D Ma 
chine VisionJ .Roger Y. Tsai . Proc. CVPR'86. pp.36 
4-374 1986) CtB*©****'^"?**' 
[0 0 8 7] B8^*«iSSm*»«XS*«t'^E«tr 

[0 0 8 8] iftff©Sa^B^ AfcHfc 



[0 0 9 0] **«©»»'?». a***©?-* + 
»C«fc0. *at:BaW*»ffiMS:4«^«"^»*' 

#*TM9BHftfflllll*£l*'*"*' 5fc©J:S ****** 

fliiST**. s»sn-cv>*yi'*?-*ffiM i i r j ©&a 

ft** 

ft 

©ftB*©«41«a<#fcT*W**E©»B« fcU 

[0 0 9 1] E»lt»xaTrt4. WWSEftffilBV' j 1*3 
TJfcoifcAAilB 

[0 0 9 2] 
[ft 5] 



iA^BHt 

[0 0 8 9] WW**aiW*J«l8l=*''»"C' g 

-rs. sii^S3*if©«e*w«. cwsagia 

»,ai«£»Sl8C*i^**©raW*»«B*£i*'*"* 
D . *©X8-CBMe*ie©tt*K*< 



50 



t=l 

[0 0 9 3] fc*£U -CT< **WW» 
(4, WPS 

[0 0 9 4] IgfctKHH* 
i:A*@^ 

£©E8S©6¥«tD«U W£{t©M©2ffl?u<!:bTft6 
[0 0 9 5] 

IIS 6] _ ... 

d = |r f - 7«l 2 

[0 0 9 6] RB^flftXaT?tt. WEPMlli«D€rAAa 

«£s*x-* i©«H*©w«tfci/, encase 

^^©t*©^*^*^©^' S^tW*©^© 
©*B*ff5**«. »*H«D' ££&T*i€. D< 
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[0097] (2)^2 (D^momm 

*6i«Sh, mE^*?*»£jSlB*<fc<* mtz 

10 

[0 0 9 8] K2(D&1fc<D»1blZttZfe9tt\** SSiS 

[0099] -r&fe-s. m2<Dmm<DMm\z%z>ftw-v 
[oioo] wifcTZx^irmmm&mmizm^zzt 

M^&i&^^^i&otttf^o fit, #7 

* & £ <z> « * t&smifim m »im t & £ . 
[oioi] ( 3 ) m 3 onmomm 

**^*±j*x8***?), ttBEftn-ffxatf. mjf£A 40 

[0 10 2] «3«)*lS©»ffiJC«-6«MTtt, f^77 

Ett^snfcffiia^sffl^TA^iiteroffia**^^ 

KJ;9A#ilf££A#^A3^K^&U SSA^x^ 

a ^ -v <t bjet- * ^ * sna £ comm. & wm&^ <Dwm 
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[0 10 3] WEJK«««****fc»ttt«^tt^ft 
U »»4fc*©3*S»«*«V^TI»E««anfcttB 

a5«jc*3Jt*H«*^-r*, £<&xai4, n>tr^- 
A^Hfftoj^^^ex^A^^sra^jia^^ 

[0 10 4] (4) »4<B*lfi(B»8B 

a. hi o\z^?m4<Dnmm<DMftm&mw-?mnt£ 

n*t>CDT*0» Sl&^LS3<0*lfi<0»ffi£«£S£ 
Wfc45l>T, fltE»SiHatC*3ViTaiR0a»tt#:0 3 

«c0 3*5c»«*H«-r-6fc*WT. gl^^lMcO 
»»*#0 3^7C»«©¥^t**¥i%»«*Ul*L/. 

mm&ft O t>ra0, Et»©«iaK:*5lr»Ttt3*7C» 

[0 10 5] »4©*ltO»S8^«*»WTtt, #tcS 

®^03^^«^^b7 t c j:<T : b, f<£3lMft3#:7C 

43 «t 8ft K»iE«ia**ff A 5 £ £ Uffl U T o 
[0 10 6] TO»«©*dEtWfflt?***ttfl!)-«t 

«fc<^«H*2©35fc7C»tt*iH«-rs. f LT> SI 1 
(a) \Ztk-?&?\Z, 2OC0«ffO3*7C^4*S:a^* 

B±T¥i§»tt*fHiEr*. [iii i (b) fcs-rjza 

¥*£ff|-ffWl£#A, 1 *3ctaCftft: 2 (O^tCO^ 

MPl, P 2t-?2>o ¥^«TfeS^PmC0 3^7C 
J^U4, 2 0©«#SI±^P1 ( P2^3*Si^ 
(x i , y i , z i ) , (X2, y 2 , Z2) ^r^F^jU 

\ 2 ' 2 » 2 / 

[0 10 7] C<7)^ffit4, re^»Jfc<hT*«#<3!>»^3 
^^t4, COflfi^fcfil^fefeo^fiJfflpIffiT**, 
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[0108] BR'&iiafc^Tte, 5 ? -*EUMtt3**& 

ffiTS e 

[0109] (5) w,5<Dmm<DBm 

tt, HI 2^i-»5©*8fi«0«*W^««-t?*ffS 

[0 110] »7fl!)*IS©»«^«*»*"tr^ 10 
fc**T!Sntf. WEWKA^BIfcJt^tt** 5 *^ 3 *^ 

«uge<£^ ^ * * & a»«»c#«>* z t*«-ee * - 1 e 

fiJfflbT^So 
[0 111] ffli»0!)^lCOViTll«±Offi«*5ct^3^: 

ltb, * ^ 7*^ u ^u-'> a >o*s*we# 20 
s a £nKtt*<©*ffia<»0, -«£u-r\ XSR12 

( TAn Efficient and Accurate Camera Calibration 
Technique for 3D Machine VisionJ .Roger Y. Tsai , 
Proc. CVPR'86, pp . 364-374 , 1986) KE*©#ft**** 

[0112] (6) memmomm 
si i s ic^-rm 6 osn«flP!©«i#«*««tr*fTS 

W©«I#8H'&*ffi^43V^T, 3 *7C»ttOH so 

fe&ftfr-?, giJ3fcHB**>S3#7cflM**AAt"*t>© 
-Tr&So 

[0 113] S6^I^It:i§^^^ 

[0 114] -^jtbT, !l*»*fc&*«M*#X*» 

£<D 3 ^C7C*«©Wfi**-«^ 3 *7C»««-»l««Ttt 40 

g|ffi«^6a8«*W3*7C»«SrA*T*S, 
[0 115] £7c, m6<nnM<VBm\Z&Z>5£W<D>W» 

[0 116] *6 0*«<D»tt»C«S*MT?tt, fe^St 



So 

[0117] co-mtLT. !«fr»*ta:*«ii#*«x 

Hffi*^e>«I#^3*7cJettS:AA 

*r£sc<h£?iJfflbTt/>5o 

[0 118] 

«MW«6*R110. BBWJMb?^^^^***** 
12 0, f^^t»«?813 0, &<J;tfx-* 
Elft^Sl 4 0££t«»»l 0 0<h, »»?S2 1 
0, fitg^iS?S2 2 0, !R10iXl*ffiB8±j£^®:2 
3 0, EMftff#R2 4 0. ^J;OT^K^2 5 0 

t^trtttefl* 2 o o <ta> 6 »jsk stress. 

[0 119] @2H » 1 ©SaS«KO«#BH^««<Z>* 
#M^»fiE«S^"rHT&^>. 0 OlCte, 3* 

7c*«as«««. liiist. x-^^-^e*k« 

[0 12 0] Hli:ssn*<k5f:, liSi 0 0T 
B> «#<7)3^7C^tt*<fctfx^^^^SKI«:E«bT 

*ffl^T2 5R5cOHflk*iM5b, w*ffla&fT5ffla* 

[0 12 1] a»»i 0 Ofcfc^T. *#OBBd 
tCffl^SaS^-^iUT, «5#0 3*7C^«, 

£X^*aiBS:E1*U"t43<. 

[0122] «»«<MI5E*a HOH 3 *7C»tt« 
£§£«£ffll>Ttt#<&3^»«<i:, 3^7cJ^*tC^ 

*w*t*. uncn «*tf, 9 e*<& 3 *tc» 
^iy^gM^fJfflT'#s 0 c^tetct>> 

[0123] w^st&x^^^^afs^ai 2 ob, 

<h. BawafrSsfl^R 1 2 2 fc, MmJWR 1 2 3 t 

£l§ASo 

[0 12 4] f^XftlSSi^Sl 2 IB, Mff 

«*ti:UT7 t ^^y^lB**S:ia^L'- BEX***-** 
« (s, t) lc#r*»ft^H®«tK (3^5cffi«) & 

S(:fj:i^ ^ffiSffi ^sc - ^T*B- 
_tM£f£U ja«StlfcjftQ©«*. »S(s, t) £ 



(16) 
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[0 12 5] JHW*frSEflS^Kl 2 2H RHMEllffin 

»S4 I ^ttfcM©^S, *$K£*-f (£>, <J>) 
10° fefi:-9 0° *?>9 0' ST«2t- 36 1 

mmof&w&Pr&z&'fe'?*' £©?tM©«£. 

[0 12 6] BKtHF^ai 2 3tt. Wj©3*7Cl 

6 a na saw*** * «t * Hawanix * x ? v » 

5|f5. ;r©£>l3Ite> -tfltl/T, ^77^7?^! 

^©ilHIi^l&ffiSlCi^T, <fcl#^S©RfcM$ 

C©H*3-J*tt. 3>Ka-i'y57^7i'Xt»lr>4 
[0 12 7] fi'Xft^fBM^Sl 3 0«. SflK* so 

mi b Br * x ? y oseis s^-r a <t ^ fca« 
s Psi-e $> a t- ^ x v £ & it if t a • 
[0128] inctts^ftfs^fw^***^ 

{£#te ©ftftlffim t b T 3ft 75 ft ffl t» a 09 * TH-f . 
[0 12 9] RlBj^iftx^X^^Sf^^ai 2 0tt 

#jo?*mam*j tbTtuA-r*. c©sis< 

K,^^x^^S©li«»^C#b^3 6 lSfcttHBR 
g^>0.95 
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[0130] f-j'Ettfai 4om &®zntc& 

[01311 SJU0>S»«1 0 OOffiaSffofcttflEC 
[0 13 2] 8B£85 2 0 0i:*HT. 5&<!f©J8B 
[0 13 3] «HB¥ft2 1 OTte. TJ^^fc'xtfT^ 

^ & if ©snags * « ^ 5 "x*t* w#© x 73 m® #»S* 2 
[0134] &m > smm^^k2 2 o-cb, 

iUT. *H*©¥fT#»EJi (Tx , Ty . Tz) , m 
D££)g (Rx . Ry . R. ) . **?<0*M&*f- fc 

^ .y^xickO^SnfcS^^wHBt****^© 
A7JiHftt^x-/W>#-X?*lC=fc0«^to^n 

^5iaicft9?B8rP©/^^^©B*Wa5b. 

Ttt-MT?»0, tM* ^ ^-© *> © fr** IJ ffl "I*f » 5 . 

fc. i»)Mir'(4fi^A5^^©lt»«:t : foT : bJ:V^ 
[0 13 5] .gaWSEKlS ra*^*a 2 3 0TS- MJ2fe 

mgmmiz^&z 2 o©*sms:fiJfflbT. 

fc{fcB*»K:£fci*-C«Srt"* - 1 C J; 0 . !B9!*lhffi 

m 4 4 js-t * . c © «* ^ mmmmfe-e $> 

[0 13 6] li2nt^5f7Xft»J ©«s 
f,-(» = l,2,...M) 

$ nx ^ a 3 ^Tcj^tt ^ ffl ^TflSffi*^ s nfc fee 
«ajtt«jf^iiir»*. tuaftfcMttto** 



(17) 
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• {#«> 
{#«> 

(ft) 

V j rtTfcott>A#H« 10 

[0 13 8] BB^Wfi^R2 5 0-Cft frffBlffffiflD ft 

*453&^fllBftff5»^tt, ^BUffiD' ft5£&>T& 
D<D ' ■X?*ntf#«1fcff36«»»*#t?ft-6t»)e* 

[0139] &±<Dmm<Dnm?jm^m&mttm\z& 

<£>-5o 30 

coi4o] • m2(D^mm 

*7C»««ft*ft2 110, T^^ftS^¥g2 1 2 
1, f^^t$M4fiEfgl3 0, ^cfctf^-^getft 
#81 4 0ft^tra£§S2 100^, MU$¥S2 1 0, 
ttB£IMfe£¥B2 2 0, BH&tt&m£rt¥B2 3 
0, gE««-*#R2 4 0, *5«ttXB8'&«3e^R2 5 OS 
*tfJRl&«2 0 0 fc*>S«j«aftT^*. 

[0141] 31 2 «JM0«M*RB«SBtt. « 1 <o 
M<Dtt#B^«BfcJt<RU l»M'J^fgl 1 0 (c 

2 1 2 lftaWL*B[a)«W*ft©TTlH»ftlMfUT 

f^7^t»4±«t^, *J:tfBWft#MEfc*ai 
2 2**fcHjft***&S. 

[0142] sr. aaiHP2 1 OOC^T, se«i# 

[0 14 3] 3 *5c»tt«ft*a 2 1 1 OtrH WES so 
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Xltt 9 E&0 3 *%KRH£ttBftJil ^TlSi#© 3 

[0 14 4] r^XftW^2 1 2 ITU lffiES 
KO*jffiW^43H"SflgW*fl=^{t^ai 2 2^£ffi#2 

#©h«s*«#u BEBweBr-**^***** 
ai 2 o tm^<D^mz&^Tm23&7cJ&vt*m^T 

T, EI5tC^$n^)^lt (0, <f>) tC&t^T, 0, <MC 
O^T- 9 0ffid^9 0ffi*TCO(5HT-?-n-eni 5ffi 

-*^«DmtT»»*-&ft3&*61Bf»ftJt|g'r*a:£« 
^^ffi^JfflpJfllTfeS. f^7X^tl^i2 1 2 
HI WBao^ft^iOjSKLfcHfltWftBHWaili^^ 

[0 14 5] T^^^taiB4j8¥8l 3 0*5£tf^~ 

[0146] ETFrcfiB^BR 2 0 0H » 1 © j«i«tc*3 
ttSJ!H£«2 0 0 tfl^T^ao 

[0147] - m3mmm 

ft«#iSfgl 1 0, BW£»f^;*^*»£rii*a 
12 0, f^XftSHMfgl3 0, 

Bstss^a 1 4 o ft^tfa^gp loot, bb^b 2 1 

0, fi!g»Mfg2 2 0, A^x^X^^^fig^a 
2 3 1, EBH-JM^a2 4 1 , ^«fcM^fiMg2 5 
0ft*tTHtte«3 2 0 0 £*>&ttrtS*lTV>*. 

[o 14 8] a»85i o ott, si©nififfii^43ttsa 
©an o o t.mmx*$>z>* 

[0149] m&m 32oo{i mi 
9a^ffl2 o o icjt«u mEAR«ftM3sm^a^a2 3 

0, EBiit^a2 4 l^xiimm^mhtzx 

^r^7f-t t^^A^^^F^t^EEHSftim-r^)^^ 
[0 15 0] BB^R2 1 0^6ffiBae»«3e*a2 2 

[0151] AAf^7ft4«fg2 3 ITU ffiE 
ffiBsfilf «t£#a 2 2 0 <Z)|gXft?HJffl LT, AfcliB 
<0#B**x*X^*««fc**L£»*-*CiT?AA 



(18) 
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pimx&zrf* -mtLx, xjjm&vmmm (u, 
v> fr<hT>7 7s?"v Qmommm (s, t) ^o&m* 

[0152] &mznT^z>3yk7tMmzfti,, 

ffiOfetLT^X^JMR (s, t) tCcfcoTOt-tC 

(u, v) (Bfiftji i n«x*X3 L *jgi«Q (s, 
^ (u, v) ^St^X^JSS (s, t) 'xOJffiSX 

[0 15 3] E«ffMmt2 4 ITU r-^X^ffilH 

<h*>A#7^X^ 20 

T c 

ft*jSU Kittt^**^* 
f c 

£ cd sg k <z> I? d ft m * t % - 

[0 15 4] li^ntV^r^Xft^j fttt* 

SSiS^^ 30 
Si 

<do%. xtimmx, iATVi&^s« (ei9CDfg« 

B) ftP££, SflKA*^**^* 

o*j*Wfk:A*iil»t»rt!:**oiifciil* (B9o«« 
A) fc#jrr*E*<B**tfc£mU RBSSftft^fc'* 

[0 15 5] ^X^irfflWYj tXJj^ZX^* 40 

ft 

[0 15 6] 
[S7] 

50 
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min {f q - <Ji{aiCi)} 

[0 15 7] • 

i 1 0 II *»§BOS4<0*lfi«©i»#:fla^eEOfl|J5£ 
Bftttflttft^R 110, ¥*3J0R£«¥R 111. SB 

w&mT?x?' j cm±f&^&i 2 o, y**^r£nii£ 

j#^R 13 0, 4* «fctf x-*ett*R 1 4 l ft^tr^ii 
SMlOOci:, JSK#R 2 10, ft«j6»«5£^R 2 2 
0, HHnXttffim£j£¥R2 3 0, EN«H-*#R2 4 
0, *J:tXBI#WJ6*R2 5 0££tTlHdflS2 0 Ot^ 

[oi5 8] m4<Dmnmomm^mmte. micosi 

«W"T, 1 1 K43V>Tl£lOft^L 

45cfctffla^ffi2 0 0lc43UTmJfS¥^I^3*7C^ 
[0159] OTTH 1 45 <ktf*M* 2 CO 2 O0>S 

^tkwt*. 

[0 16 0] SR8&4 1 0 0lc45V>T, ttftOJiH 

^iCffil^^li^-^ch LT, J»#143cfctf«rf*2<0 2 
oag&WMc^T, 45cttf-tn-€ r no-r 
^X^*3M&S»LT45<. 

[0161] lisiwte^ti i otn 3:a9ts«g 
<0 3^a?Bttafie*«*ffli>T, *#i45«fc««»2(o 
3*7c^«ftM'j^-r^o 

[0162] ¥*%MM*£jS^R 1 1 1 tftt, H 1 1 
(a) IC^fJ:^^, 2O(Dft#145£tf«l#2<0 3& 

EttKHftiiS&IHIIBTRJtU ^ft**l<0»rffi±T¥ 
^^«ftlt^-r^o HI 1 (b) t«-r«t3»c, KB± 

ft#A, ftfrl45«t^ft#2(D^ttta)3S^ftP 1 , P 
2<hf£o ¥i$»ttT»*j«Pm<©3&7C*«rau 2 a 
©«#*BB±OjSP 1, P2 03^7cJffi« (x i f 
yi, zi), (x2, y2, Z2) ft^i^J 

f zi+za Vi+m zi4-za \ 
^ 2 J 2 ' 2 ' 

j&f&BSttlHIH-Cff -5 C tic* 0, ft* 1 *sj;tf«H* 
[0 16 3] JWTOfflS-Cti. mrK¥«=)ffiM* 
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[0 16 4] 88-&8P2 0 OlCfcttSifflgte. 

[0 16 5] sk±, %i4v>mmm-?i l t2-D<D&mv>i#- : & 
crat$><^.ximx$>o, &myo{fc<D%t.&3^u±\z 

ti-otzO. ^©3*i©ffiIt©&©g^«#©¥:£|JEMK£ 

**T?"iffl-r -a <r t isntoms^ct; o bj^t-* a. 

[0166] • m 5 CDSIiSCT 10 
El 1 2 *&W<DW. 5 ©IIMM©tM*BS£SlB©tfSJiJc 

mmmtemmLmki i o, bj.hj^i&^x^p*^ 

©12 0. ?->7 7,3->rQ?$>$if&^fkl 3 0, x-^iElt 
fS143. * .tWMfilfflttifg 1 5 0 
Hgi5 5 1 0 Oi, 1 0, {4Big#SJf 5£^f£ 2 

2 1, ^^£^£^1=32 3 0, mmsiW^2 4 

o , * ^ztm-smfe^wi 250 ^^ti'.^a? 5 2 0 0 1. 

[0167] ©*ffi«©#H*Ba#i£8t;t. f 1©* 20 
^©^ttM'griilfi.iit&U f££^B5 1 0 OlCfc^ 

t, &mww<nm\& ±.xnmm.w±% < mz?z>u if© 
ftmW£&wmzw&L&&£MW£Lxtiit>-tz><& 

it^&fittiiifMiS: 1 5 O^igJJQ^nT^SjS, x- * 

*3J:tfBf!-g-SB5 2 0 0©fifg^fg2 2 1 tc43t> 
T-r-^Kte^Kl 4 3^e.H3i5#fS^fiB€:S?*-ji*- 

[0 16 8] Sf§ 5 ©*ffim?tt, !E £^#© 
-fll£UTA©®£;HH5. so 

[0169] S@SB5 100 fC&HT, ft*©!! 

§Cffll)5Mf-^tLT, gfi^fr© 3 ^Jg«*5 

<. 

[0 17 0] 1 OTIt 3*tcJEM* 

SS^gBS'ffl HTI»»*«) 3 #7C«Mfcfc«fctfKSti£S: 
ffltetS. **J6OTT«. 3*7C^ail5£Sie©-«nJi: 
bT, XiK9ffii6W3*7C^tt»te^SSrfflVi-5*i. d 40 

[0171] W«jSfcB»Hi¥g: 1 5 0 T"«. 
©■»±T?IBfeB**** < SEfc-r<B«#fc£. fttttttt 
©ffiBSttfflU *©3*5E««* 
4*«jSttBiUTHJAT*. -fltl/T, Att©K*HR 

SEfb UT»r>«> 3 
XB 2 m&m 2 8 7 2 7 7 6f r®jl(gBg^g| so 
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BJ ) XflU (#W6- 1 6 8 3 1 7 TO 
5. **JEWT«. 01 4fC*-r<t3/«C&E©l 2<i© 

A (o~id ^MiLTit^. cne>©»*js 
bb^»* t<t*««:k: «fc k^m^t 

3&5c£*T**W«j{&ffiB*. 

A = (a*,I/i,*i), (« = 0,1,» •• ,11) 

[0 17 2] ?-^EtfRl 4 3Ttt. 

Hg^-gu 5 2 0 0W«tawfcJ6(CjgB#SS*.tB-r. 

[0 17 3] fit±©»»«5 1 0 0©$ttS£frofcgli 
|]ft:l:»tT. KT©Sg-&SC5 2 0 0 »£*5<^T2*&»f*: 
© A timm * ffl t» fc ^BB^S Srff 5 . 

[0 17 4] foB¥m2 1 Oftt, 7*\Zttl3* 

[0 17 5] &Bs89NiJ£#&2 2 lTtt, A#HH*£ 
Jl£ L & t * ©fcfBftfr 3#B*9{*©(fcBs6»«»*l 
BSBWAr^^SrltJrrs. 

[0 17 6] Ell 3£#JRTr-5£. fifg^fiS¥g2 
2 1 tt, $ SIC, ttftSttm^K 2 2 2 <fc, feBg^at 
l!^K2 2 3 iifrZmi&ZtlX^Z. 

[0 17 7] #a^ttm^©2 2 2TI1 miBSftBE5 
1 0 0 tC*3ltS1#®^teBffim^l 5 0T»UJLfe# 
B.J&S 

«tiii:#a^©fi:BS:A^iH«*^ttHib. A*afi!± 
-e©&fi 

Bi = (ui,Vi),(i = 0,1, 2,- •• ,11) 

AAtl.Cit)r-t5L. lffiffi:£B4 43«fctf:SCiR5lcK 
«6©*ffi^tif©Sa§H#®^4B»ffi^l 5 Otffll>t 

A©M£BI^T5«££-M<hLT^fTV>3/0*. 

[0 17 8] feB^^ltS^ IS 2 2 3TS. mlt2A*il 
^^HB^BOA^^^^ifSrfft^b. ttl»»tL 

m&e>/*7**£Lxtim<to#c>¥ft&mt£M (t x , 

Ty , Tz ) , x, y, ztt©J10©[HllK^S (Rx . 



(20) 
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R y , Rz) , *5±tf**7©*l£re*f StD. 

Si 
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[0 18 0] fcfc'U 

[0 18 1] 
[ft 9] 
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a, b, cti, ft9^ 



a 




Xi 






b 




Vi 


+ 




c 











[0 17 9] 
Ufc8] 



10 



[0 18 2] 

[0 18 3] 
[ftl 0] 



rh. fti oT-^snsiHi^^g-rfT^T' 



n = 



cosRyCOsR. -co 8 R.sinR. + slnR.sinR 1 ,co8R, slaR.siaR. + co S R.sinR s cosR 
cosR.sinR, cosR.cosR^sinR.BinR^R, -sinR.cosR, -fcosR, sinR.sinR, 
— sin Ry si* R, cos R, cosR^cobR, 



[0 18 4] 1 2«©#»«jaCt3V»T©Btre*8Trtl- 

%a n£ fit t x*B**f«^fi«®^ t ©Rftffl 

«/hC^5i-5lc:, Rx , Ry , Rz , Tx , Ty , T 20 

Rz, Tx , Ty, Ti . f fcttBsSfc^^tUT 
[0 18 5] MfE©ffi«i!^ 7 

[0186] BRW^lftSH^^S 2 3 0 ETF©S!lii»~ 

[0187] • Sf§ 6 ©sgSfc#! 30 
1115(4, *5Si«©*6 ©*»«©*»#»£«■©*« 

g©tH*A#^ia 1 1 2, Rg^Sfflx^X^YSf^^ 

8120, y*^YffllB*J«*R13 0. 

*Btt*R 1 4 0 S^trgliSB 6 1 0 0 fc, HI^R 2 
10, {4«sSIMtJE#R2 2 0, »W*«iaB***» 
2 3 0, E*tt*^R 2 4 0, 2 5 

0 £-StrR8£-OT 2 0 0 tii^lSliStlT^S. 
[0 18 8] JB6©SHfi«©*#«l'&»«»' JB£»* 

(Computer Aided Design) 7-9 £ LT&#£ nT*3 

n«t-ra. c©fc*>. f6 0*I«c«#WM 
(4. Hlfc*UfcfBl®*ttW©tt#»£»«i&« 
L. I»tt#XAfSl S2ftia©CAD 

[0 18 9] !**#X*#S1 1 2(4. l£ft@©CA 

Oj-^j, ra-&gC2 0 0 x-^r^i^mu 



ft4fr*©&»©fi. ^S©tt±tf©*^^<t*^*'' i 

tt. mi©*ffi^J^^<^^" e * 5 ° 

[0190] • ffS 7 ©UliSFJ 
HI 6(1. *3BW©SI7©*««l©«l#W*S«®** 

121 1 tc^bfcm 1 ©SI*«©*#8i'&*llC3*bT:. S 
ISgBl 0 OCSft^ny^ASIBttbfcEftli*! 0 0 

»i#2oooti««* , W'^ >8 ' cne.©ia 

®8£# 1 0 0 0, 2 0 0 0 (1. IMf-f Xi7 , ^(*^ 
t'J, *©te©IEtMi#T?»-3-C«fcV>. 
[0 19 11 SE*^n^5AH. fB»«fi«= 1 0 0 0*»6 

S3>lia-^«)!il^*SS«J*ISfgl 10, RBH 
J6»?^x^Y»*«*Kl 2 0, t^** 1 *^** 
¥913 0, 4s .fctfy-^Bfc^R 140i UTlWWr 

(4. «1©*««C*SW-6S»«1 0 0©lW<h£<I§l 

[0 19 2] HH^ai^Att, 1Bfti«#2 0 0 

0 2 oot«*r*a>Ka-j'i:«*a* 

IMt«*»2 2 0. |>9HEiKfiMtfiK*«2 3 0. S688 
ffHF^gk 2 4 0, 43 J:tHB#«ft*R 2 5 0 frfirtf Rter 
g|52 0 0 tVXM'mZ* W#7n*9A©*WIC*« 
0 0 ©ISm*. » 1 ©*M«C*»t«)W^aS2 

0 0 ©Ui^t^< RI«tca*©T?, *©»Hr»RW*« 

[0193] • fg 8 ©HMtfli 

01 7(4. *J89iOJB8 0*IS«l«>«#l»***®** 
so H7(^bfc^2©^)!SW©^^®^ , *W bT - » 
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^SB2 10 0 HSft^D^^ ASrlB»LfcESJ«# 1 0 
1 0£{ffx.> HB£8K2 0 OfcflB^yp^AfcE&Lfc 
E»«E#2 0 0 0«x^W^Tt^o cn6£> 
ES&ffclOlO, 2 0 0 0H ««f^X*, 

[0 19 4] 1S^D^7AH fS@^#l 0 10*^ 

o, r^xftMfS2i2i, x^x^^sra^ 

¥813 0, * itf^-^EIft^a 1 4 0 £ LTIHflrr 10 
£. ae7 r n^^AO©j»tc:«fcsaftBS2 l 0 oan&fp 

12. »2©*JK«fc*5W^»»ffl2 1 0 0<O»fls££< 

[0 19 5] l^ya^7AH EftKtt 2 0 0 

0*6flB£«2 0 0«r«j«i-*=i>lf3.-^JCR*ii* 

inbe*»2 2o 1 nnxnsn£^R2 3o, sehi 

ItS#S2 4 0 , «5J:tflig#«ef82 5 0 ft^tTHfld 
S8^8B2 0 0<B»fm* »2©*««lc45ttaBH-&«2 20 

[0196] • m 9 <0SI1« 

i^gBl 0 Ofc»fc:/D^AftE»b&fi«JI#l 0 0 
0&m?L. m&&3 2 0 OlZM&ZfutfyA&fcmLfc 

B»K»1 0 0 0, 2 0 1 0H B«f-rx^, 30 
pt^'J, ^<Bte<BE»i&#T&oT«J;V>. 
[0 19 7] «»;/p^Ara:, EMiK*l OOO^e 

ttn^bTa— ^oftfP*»»*fle«)t¥gl:i 1 0, mm 
2»W^tSifiK?S12 0, -r£X^*£W±J* 
¥8130, *3 cfctfx— *Ett*a 1 4 0 <> LTfcJWT 

a»^P^^A<7)»JffllHJ:«>»Sffll 0 0C0»fp 
tt, M3®£MffllC&t?£aflfcffil 0 0<&®jf£££<l^ 

[0 19 8] ^^^7A(t IM#2 0 1 40 

0*6Rte«3 2 0 0«:«fi8TSn>hf3.-^»ctt*ii 

*n, %m^>\fzL-*<Dmfc&m&^®2 1 o, &s 

5S*fll5£^a2 2 0, AAr^t±«¥S2 3 1, 
E*tt»¥S 2 4 1, * J;tf RB£ffl*#B 2 5 0 £^rO 
BH^»3 2 0 OtUTWWf BB^n^A^ffiffll 
ICJ;*BB£BR3 2 0 OCDmmt. *3 0*16Wc43W-5 
AB£flB3 2 0 0(7)ffijf^<h^<^tllC^^CDT\ ^-(Ds¥b 

[0199] -SIO ^^l35S0iJ 
El 1 9 {*. *RW<Dm 1 0 (D^liSW©!»fl5:SH^ISlSa)« so 



40 

T> 1M4 l 0 OfcI»^Dif^AtE»lfcE*» 
*1 0 2 0M^ 1^92 0 0tCfla^^P4/7A*E 
ftl/fc£Sifttt2 0 0 0£fflAS,£aWctoT^£o d 
n6^)Eg«ftl 0 2 0, 2 0 0 0H l«f>f^?, 

[0 2 0 0] Ii^D^7AH Eg^l 0 2 0*6 

»fiffi4 1 0 ozm&? ?\zwt&&&n, 
SK3>t:3.-^<o»fp*«ak«iflca!J3S¥ai 10, ? 
w«t«¥Ri 1 1, flawaiiT-^x^+s^fiK^a 

12 0, f^7ft2B4l8¥813 0, *5«fctfx-* 
Efi¥ai4 1tLTSJ»tS. Stt^P^AraftflS 
£«k*S»»4 1 0 0 0)»fPtt, JB4©j8«iWc45tj-« 

a^gM 1 0 o<DK}ft£±<mmiztez><D-e* ^(Dmv 

[0 2 0 1 ] BB^T/P^Att, EMK*2 0 0 

o*6HB6«2 0 o$««n3>t!a-^(:»*as 
n, SRn>tr3.— ^©»ff«rau?^a2 1 o. 

»iSfg2 2 0, iTO^Mfg2 3 0, gggg 

tmc^a 240, *5«ttXBR*«ft#a 250 s^ubb^ 

352 0 0 chLTSiJWTS. BB-&^P4^AG>lftHIK:J:S 

hb^«2 0 o^ftfptt, m4<Dmmmiz&tfz>m&U2 
0 o<DW}fpt±<mmzts:2><D-v. 

[0 2 0 2] -mi lCD^fiS^J 
H2 0H 1 1 ®KMM<Z)tt#i!H«SB®«l 

14, HI 2fc*Ufc»5©*««o«i#BH#««Jc3etL 
T, g»«5 1 0 Olca»;/p^A£E»LfcE»JS 
#1 0 3 0*M, 2 0 0 i:i^yn^7A^ 

EfibfcE»«E#2 0 2 0fttt**;»7&t*koTt>*. 

^ne>oESJ«<ti 0 3 0, 2 0 2 014, f&m^x 

»J, -ta>ffl©E»«*"C*t)T<fcli. 
[0 2 0 3] Ig/D^7AH f2^ffi*l 0 3 0*6 

a@*gB5 1 0 o*«fiic-rsi3>bf3.-^(c:a*asn, 
a«n>h!iL-^©»fp*»»«ft:aifi¥ai 10, hb 

■ntu^ai 5 0 tLTfww-ra. iiyoy7Acoa 

PlCcfc^a&gPS 1 0 0<B»fm, »5©*««IZ*tf 
£a^§&5 1 0 0<£lW<h£<I^Kte£(DT* *:<Dm 

[0 2 0 4] BB^yp^^A«, E»18Ett2 0 2 

0*688^815 5 2 0 0 £ 3 > fcfi — ^icS^ii 

*n. ^m^>¥n.-?<Dmtt$:mB^&2 1 o, &s 
g»j££^a 221, Rflnxnsm^jEs^a 2 3 0 , s§ 

(BH-ff#®2 4 0, *$J:tfBB*W3e^a2 5 0 Sr^tfBB 
£8B5 2 0 OibTfWW-r*. BB^^P^^A^ffiiJffll^ 
cfc*BB*ffl5 2 0 Oco»ff«, S5^J£«ltc43^SHB 
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^g&5 2 o oa)Wi^i±<ra«K:3te*a)T. 
[0 2 0 5 ] • m 1 2 CD|UE#| 

H2in #589i<B3ii 2 o^jfiffiia>4*ifffla^SliB<z)fli 

/S**tyn7^Bt»«. *£JKffl0fttt!81£SB 

T, S»8B6 1 0 0KS»:7a^A*E»UfcE»J« 
tfl 0 4 0 £i!;i, HH^(B2 0 OJcBa^^ny^AftE 
ftlfcES«»2 0 0 0 CI 
n5©EBK#1 0 4 0, 2 0 0 (Hi, SBft^X^. io 

C0206] iiya^7AH ein^i o 4 0*^6 
anE3>hri-^oi(jfpft»(M*flcA**ai 1 3, as 
a*»i3o, feitx^-^Eid^ai 4 oiiitu 

T^o 2»^n^7AOftiJiailJCcl:^asaS6 1 0 Otf)Kj 

[0 2 0 7 ] Sfc, HH-ft^ny^Att, 15^^*2 0 0 20 
0^<E>fla^«2 0 0 S:«lfiJtT*3>brrL — ^f^K^as 

•MME*B2 2 0, !HH&ttSgM££¥S2 3 0, Sgffi 

tmc^a 240, 43 ±tf BH-&wffi#» 250 *^toBH# 
a-r*. 

[0 2 0 8 ] MEft^aSffil^^fcct^JC. 

[0 2 0 9] Et±. **W£fflE#**«fc:*^S#W* 
WlcKBLfc^ *»WttWE#*>lSWJCR36an-5 *> 

[0 2 10] 

[0 2 11] a»«fle<D3*7E*«**B»*nT 
[0 2 12] 2 SIC, *«WO^W»iEaatt, so 
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<> «*a)tt«T***ftl, #ft3<fcDfcR«fcfli3 
■CB*«* £fif 3 C £ #T # § • 
[0®<z>ffiWctaft9i] 

[mil *mM<nmi<Dnmmo®fcm&mwe>ffif&& 

[0 2] *«*©«#B8^8BO*#««flcO-«*S 

[gi3] 7^*?*j««**w#«bk»lts£»ts 
[0 4] i 1 toiH^tiiT^xf ti«f awtM 

[0 5 ] WWftfl=ft«»*flHW©*flc^»-r 
[0 6] m«Hffl l/fc«#BA810« t*LftBT 
[0 7] *««0!)»2 OSEKflOMM^KlODNdct 
[0 8] *9BnofB3omMO«iffM^»B0!>«ltt« 
[09] m8*<DAtlT?^*£f&^&\Z&rtZ>Xt} 

[0 10] «%«(Dffi4(D^jK0yoD«#eHdSB(Oflldc 
[011] 010 *<0¥iS»tt*fiK*at45Jta¥iS» 
[0 12] 5 0^ «WW«l#:i6Sfi©«« 

[0 13] 0 1 2*©ftB35*J«3e^aoJ:0»«34» 
[0 14] MS»*tft4«#0»fcStLTffl^Sft 

[0 15] *K9!oill6<oftJk«f|o«i*B^ttBa)«ia 
[016] *J8fl©» 7 ^«9)Otttt:ffi^lO«A 

[017] *st9i<DK8<D*mm<Dta»m&&m<DmA 

[0 18] *X9!O|fl9^ltMOtti«:M«BB0!>«IA 
[0 19] *^0Jcomi 0©*Jt«©»#J868B©i 

[020] *mw<Dmi ivnmmomm&smmnm 

[02 1] *569!CDSil 2 <D*««©«#BHd8BO« 
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[02 2] ft*©tt#HB£artlf©-«iLT. %&mt 

10 

[02 5] t£#©&#!S££ffi©-e!i<hlxT, ssaftr 

[02 6] ^©tt^Bg^SWO-tBJtLT. giWC 
[02 7] «£3|5©«flcaB^tt«©-«tbT. Si^BttC 

[«*©Bi9n 20 

1 0 0, 2 1 0 0, 4 1 0 0, 5 1 0 0, 6 1 0 0 S 
USB 
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1 1 0 Sfttt#ffl£3M£ 
1 1 1 ¥i$JEMK£j«3M.8: 

1 1 2 a»«#A**a 

1 2 0 HBWSM&T^^ + S^tf^S 
1 2 1 ff^ftl§«4slc¥g 
1 2 2 RHHftfrXft&Bt 

1 2 3 mmmm^m 

13 0 x^X^-vSffi'feJS^g: 

140, 141, 143 x-^iete#is 

1 5 0 #$t,S&SJ4tB#g: 
200, 3200, 5200 88 £88 

2 1 o ai$#§k 

2 2 0, 2 2 1 {5r@i£^ii$£#f£ 
2 3 0 PIW^«l^W^fi£#@: 
23 1 A^t^X^Sej^IS: 

2 4 0, 2 4 1 EUn-ff^ft 

2 5 0 ffl^W^^a 

1 0 0 0, 1 0 1 0, 1 0 2 0, 1 0 3 0, 1 0 4 0 

2000, 2010, 2020 E&Jgflc 

2 110 3 ^TC^ttSte^g 
2 12 1 fi'XftJIKfR 
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